ONE of the most characteristic clinical
features of idiopathic hypertrophic subaortic stenosis (IHSS) is the striking variability in the intensity of the symptoms which accompany this disease. It has become clear recently that the severity of obstruction to left ventricular outflow is variable in IHSS and may be altered by a variety of physiological and pharmacological stimuli.' Alterations in the volume of the left ventricle, in the pressure which distends the outflow tract during systole, and in the contractile state of the myocardium all tend to modify the dimensions of the outflow tract and thereby to influence the severity of the obstruction. Syncope, near syncope, dizziness, and angina pectoris are noted most commonly in patients with IHSS when they are in the erect position, and these symptoms also tend to occur during or immediately following exertion. Since ventricular volume is reduced and sympathetic stimulation of the heart is increased during exercise and when shifting from the supine to the upright position,2 the possibility was considered that alterations in body position alone might exert an important influence on the severity of obstruction in patients with IHSS and offer an explanation for the intensification of symptoms which frequently accompanies assumption of the erect position. Accordingly, the present study examines the hemodynamic effects of changing body position by means of a tilt table in a group of patients with IHSS having varying degrees of obstruction to left ventricular outflow.
Group Studied and Methods
The diagnosis of IHSS in the 10 arterial pressures and of cardiac output in the supine position, the patients were rapidly tilted to a 450 head-up position for 2 minutes, and the measurements were repeated. In several patients this maneuver was repeated several times, and four of the patients were also tilted to a 20°head-down position. All of the pressures in the tilted positions were measured using the midcardiac level as the zero reference point. In five patients, following control determinations in the supine position, the effects of suddenly elevating the extended legs were studied.
Results
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In all four patients who were tilted from March 1966 companied by elevation of the cardiac output in the two patients in whom it was measured (5S.H. and R.P.), indicating that the obstruction had lessened. In each of these four patients, the intraventricular pressure gra- representative pressure tracings are reproduced in figure 6 . In all five patients the intraventricular systolic pressure gradient was reduced during the elevation of the lower extremities, falling by 7 to 68 (average, 28 mm Hg), as the left ventricular end-diastolic pressure rose by an average of 5 mm Hg. The gradients rose again following the return of the limbs to the horizontal position. In the two patients in whom the effects of leg raising on the cardiac output were determined, it remained essentially unchanged in one (D.W.) and rose in the other (V.S.), again indicating that the outflow orifice had increased. In contrast to the findings in the patients with IHSS the effects of leg raising on a patient with discrete, valvular aortic stenosis are shown in figure 7 ; an increase in cardiac index occurred, but this was accompanied by an elevation of the systolic pressure gradient, and the calculated effective aortic orifice remained constant. 
Discussion
The major finding of this investigation is that body position exerts an important influence on the severity of the obstruction in patients with IHSS. Thus, tilting to the head-up position increased the systolic intraventricular pressure gradient, while the cardiac output fell or remained unchanged, indicating that the effective outflow orifice had become smaller. In contrast, tilting into the head-down position or elevating the legs while the trunk remained horizontal had the opposite effect; the intraventricular pressure gradient fell, and the cardiac output either increased or was unchanged. These changes signify that an increase in the effective dimensions of the obstructing orifice had occurred. Moreover, the effects of tilting into the head-up posi- Figure 6 Circulatory response to leg raising in patient R.P. left ventricular volume affect the dimensions of the outflow tract throughout systole.' Indeed, in addition to changes in body position and total blood volume, other interventions which alter venous return modify the dynamics of the outflow tract in IHSS. For example, both the Valsalva maneuver and the administration of nitroglycerin tend to reduce venous return, the first primarily by impeding the inflow of blood into the chest, the latter by causing systemic venodilatation. As might be anticipated, an increased severity of obstruction to ventricular outflow accompanies both of these interventions. 12 It appears likely that in addition to these passive changes in ventricular volume, alterations in body posture may also affect the outflow tract of the left ventricle through reflex mechanisms. Thus, a reduction in venous return evokes a generalized augmentation in the activity of the sympathetic nervous system via baroreceptor reflexes, and thereby tends to increase obstruction by augmenting the ventricular contractile state.' Conversely, an increase in venous retum, as produced by head-down tilting, would result in a withdrawal of cardiac sympathetic nervous activity, and consequently, in an enlargement of the outflow tract. Finally, the elevation of heart rate per se during upright tilting tends to reduce ventricular size13 and, therefore, to intensify obstruction.
The findings of the present investigation provide an explanation for the propensity of patients with IHSS to develop syncope, dizziness, or angina when they assume the erect position. Thus, the aggravation of the obstruction tends to diminish the cardiac output and, therefore, the cerebral blood flow and thus to produce symptoms of cerebral ischemia. As arterial pressure declines, so does the coronary perfusion pressure, but the left ventricular systolic pressure remains elevated, tending to exaggerate any discrepancy be- It is postulated t-hat these effects on the obstruction to outflow induced by changes in posture result primarily from alterations in left ventricular volume secondary to changes in venous return. As a consequence, in the upright position, the size of the left ventricular outflow tract is reduced and the intraventricular pressure gradient is augmented while the cardiac output is reduced, resulting in an intensification of the obstruction. The opposite changes occur during the head-down tilt or during elevation of the legs.
These hemodynamic findings provide an explanation for the intensification of symptoms commonly experienced by patients with idiopathic hypertrophic subaortic stenosis in the erect position, and for the discrepancies between the symptoms and the severity of obstruction determined by cardiac catheterization carried out in the supine position. Assumption of the head-down, legs-up position is suggested as an emergency therapeutic maneuver for patients with hypertrophic subaortic stenosis.
